Abstract Though continental magmatic arcs are factories for new continental crust, a significant proportion of continental arc magmas are recycled from supracrustal material. To evaluate the relative contributions of retroarc underthrusting and trench side partial sediment subduction for introducing supracrustal rocks to the middle and lower crust of continental magmatic arcs, we present results from the deeply exposed country rocks of the Coast Mountains batholith of western British Columbia. Prior work demonstrates that these rocks underwent widespread partial melting that contributed to the Coast Mountains batholith. We utilize U-Pb zircon geochronology, Sm-Nd thermochronology, and field-based studies to document the protoliths and early burial history of amphibolite and granulite-facies metasedimentary rocks in the Central Gneiss Complex. U-Pb detrital zircon data from the structurally highest sample localities yielded~190 Ma unimodal age peaks and suggest that retroarc rocks of the Stikine terrane constitute a substantial portion of the Central Gneiss Complex. These supracrustal rocks underwent thrust-related burial and metamorphism at >25 km depths prior to~80 Ma. These rocks may also be underlain at the deepest exposed structural levels by Upper Cretaceous metasedimentary rocks, which may have been emplaced as a result of trench side underplating or intraarc burial. These results further our understanding of the mechanisms of material transport within the continental lithosphere along Cordilleran subduction margins.
Introduction
Continental magmatic arcs host the most voluminous intermediate magmatism on Earth and, as such, are potential factories for new continental crust. However, isotopic (ε Nd , 87 Sr/ 86 Sr, and δ 18 O) and trace element data from arc rocks suggest that in spite of major asthenospheric contributions to these melts, a substantial (~50%) proportion of continental arc magmas are recycled from supracrustal material [Ducea and Barton, 2007; Otamendi et al., 2009; Behn et al., 2011; Chapman, 2016] ; this material is likely introduced to arc roots via trench side partial sediment subduction or retroarc underthrusting [Ducea, 2001] . Assessment of the relative contribution of these trench side or retroarc end-members to Cordilleran arcs is critical for evaluating growth of the continental crust and how crustal material is redistributed or recycled at ocean-continent subduction margins [e.g., Clift and Vannucchi, 2004; DeCelles et al., 2009; Hacker et al., 2011] . However, middle and lower continental arc crust is rarely exposed [Ducea et al., 2015a] . One exception is the Central Gneiss Complex of western British Columbia (Figure 1 ) [Hutchison, 1970; Roddick, 1970] , which represents exhumed middle crust of the Jurassic to early Cenozoic Coast Mountains batholith [Armstrong, 1988] . Despite the widespread exposure of granulite-and amphibolite-facies batholithic framework rocks, including migmatites that contributed significantly to arc melts [Kenah, 1979; Selverstone and Hollister, 1980; Hollister, 1982; Hollister and Andronicos, 2000; Woodsworth et al., 1983a] , the protolith of Central Gneiss Complex rocks is unknown.
This study utilizes spatially controlled U-Pb zircon geochronology, Sm-Nd garnet thermochronology, and field investigations to evaluate the protolith and early burial history of metasedimentary rocks from the deepest exposed structural levels of the Coast Mountains batholith (Figure 1 ). These results demonstrate that much of the exposed Central Gneiss Complex consists of retroarc rocks of the Stikine terrane that underwent westward underthrusting beneath the Coast Mountains batholith prior to~80 Ma. These rocks may be underlain at the deepest structural levels by Upper Cretaceous metasedimentary rocks that originated in the Pacific-North American trench and were metamorphosed at high grade shortly after deposition.
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SEDIMENT UNDERTHRUSTING BENEATH THE CMB 1
Geological Setting
The Coast Mountains batholith is a composite continental batholith intruded into the terrane-dominated margin of western British Columbia and southeastern Alaska [Berg et al., 1972; Coney et al., 1980; Monger et al., 1982; Gehrels et al., 2009] ; the Central Gneiss Complex forms the high-grade metamorphic and igneous core of this batholith ( Figure 1 ) [Hutchison, 1970 [Hutchison, , 1982 Crawford and Hollister, 1982; Hollister, 1982] . The Central Gneiss Complex is >230 km long, northwest-trending, and exposes midcrustal rocks as a result of major Eocene extension [Heah, 1991; Andronicos et al., 2003; Rusmore et al., 2005] . The Central Gneiss Complex is most studied in exposures along and south of the Skeena River [Hutchison, 1970 [Hutchison, , 1982 Hollister, 1975 Hollister, , 1977 Hollister, , 1982 Andronicos, 1997, 2000; Hollister and Burruss, 1976; Armstrong and Runkle, 1979; Kenah, 1979; Lappin and Hollister, 1980; Selverstone and Hollister, 1980; Woodsworth et al., 1983a Woodsworth et al., , 1983b Hill, 1985a; Crawford et al., 1987; Andronicos et al., 1999 Andronicos et al., , 2003 ] but has also been studied along Douglas Channel [Roddick, 1970; Rusmore et al., 2005] , Gardner Canal [Depine et al., 2011] , and near Portland Canal [Klepeis et al., 1998] . Beyond earlier reconnaissance studies, several remote localities at higher elevations were also studied between the Skeena River and Portland Canal [Hill, 1985b; Douglas, 1986] . The northwestern and southeastern limits of the Central Gneiss Complex are poorly defined. Hollister and Andronicos [1997] ). (c) Geologic map of the Central Gneiss Complex (modified from Roddick [1970] , Hutchison [1982] , Andronicos et al. [2003] , and Rusmore et al. [2005] ). Skeena R., Skeena River; Douglas Ch., Douglas Channel; Khutzeymateen In., Khutzeymateen Inlet.
The Central Gneiss Complex is separated from rocks to the west by the Coast shear zone, which is a >1200 km long, steeply northeast-dipping structure with latest Cretaceous to Eocene reverse and likely strike-slip displacement and an earlier enigmatic deformation history [Crawford and Hollister, 1982; Crawford et al., 1987; Gehrels et al., 1991; Klepeis et al., 1998; Rusmore et al., 2001] . The eastern boundary of the Central Gneiss Complex, where studied, is a major Eocene extensional shear zone and detachment fault whose hanging wall is the Stikine terrane (Figure 1 ) [Heah, 1991; Andronicos et al., 2003; Rusmore et al., 2005] .
Terrane Framework
The western margin of North America in the region of interest is an amalgamation of terranes. Terranes west of the Central Gneiss Complex near the latitude of Prince Rupert are confidently correlated to the Wrangellia, Alexander, Yukon-Tanana, and Taku terranes (Figure 1 ) [Monger et al., 1982 [Monger et al., , 1991 Wheeler and McFeely, 1991; Gehrels, 2001; Gehrels and Saleeby, 1987; Gehrels et al., 1990] . These western terranes largely consist of Neoproterozoic to middle Paleozoic arc-related rocks, Devonian to Permian carbonate and interbedded clastic sedimentary rocks, Triassic volcanic and sedimentary rocks, and unconformably overlying Upper Jurassic to Lower Cretaceous clastic strata and mafic volcanic rocks of the Gravina belt [e.g., Gehrels, 2001] . Clastic sedimentary rocks and younger rocks sourced from these terranes (e.g., Gravina belt) are characterized by abundant Neo-to Paleo-proterozoic and Devonian detrital zircon (DZ) grains [Kapp and Gehrels, 1998; Gehrels, 2000 Gehrels, , 2002 Gehrels et al., 1990 Gehrels et al., , 1991 Gehrels et al., , 1992 Tochilin et al., 2014; White et al., 2015; Yokelson et al., 2015; Giesler et al., 2016; Pecha et al., 2016] . Northwest of these terranes and~300 km northwest of the Central Gneiss Complex, translated slivers of >205-125 Ma metamorphic rocks and 101-55 Ma clastic sedimentary rocks constitute the Chugach terrane [Berg et al., 1972; Amato et al., 2013] . The Chugach terrane is an accretionary complex formed during east-dipping subduction, largely outboard of the Coast Mountains batholith; the formation of this accretionary complex was coeval with major Late Cretaceous to early Cenozoic dextral translation along the Cordilleran margin [Pavlis and Sisson, 1995; Cowan, 2003; Roeske et al., 2003; Haeussler et al., 2006; Pavlis and Roeske, 2007; Amato and Pavlis, 2010; Amato et al., 2013; Gasser et al., 2011; Kochelek et al., 2011; Scharman and Pavlis, 2012; Garver and Davidson, 2015] .
East of the Central Gneiss Complex is the Stikine terrane. Pre-Mesozoic rocks forming basement to the Stikine terrane (Stikine Assemblage of Monger et al. [1991] ) near Terrace (Figure 1 ) consist of a lower Mississippian to Pennsylvanian intermediate to felsic volcanic and plutonic complex [Heah, 1991; Pignotta et al., 2010] and an overlying unit of uppermost Pennsylvanian to middle Permian limestone [Monger et al., 1991; Nelson, 2009] . Some distinctive characteristics of Stikinian basement include (1) a lack of any pre-Devonian rocks, which is reflected in DZ populations that lack pre-Devonian zircons [Greig and Gehrels, 1995; Logan et al., 2000; Evenchick et al., 2007; Pignotta et al., 2010] , and (2) predominantly volcanic/plutonic Devonian and Carboniferous rocks [Monger et al., 1991; Logan et al., 2000; Nelson, 2009] , as opposed to generally older, primarily marginal quartzites and carbonates of Yukon-Tanana terrane equivalents to the north and west Gareau, 1991; Gareau and Woodsworth, 2000] .
East of Terrace (Figure 1 ), Stikinian basement is overlain by Early Jurassic lower Hazelton Group volcanic rocks [Tipper and Richards, 1976; Monger, 1977; Monger et al., 1982 Monger et al., , 1991 Evenchick, 1991a; Logan et al., 2000; Gagnon et al., 2012] . The lower Hazelton Group consists primarily of 200-190 Ma (timescale of Gradstein et al. [2012] ) felsic volcanic strata with lesser mafic lava flows and rare interbedded carbonate [Tipper and Richards, 1976; Gagnon et al., 2012] . These rocks are overlain by clastic sedimentary rocks that define the upper Hazelton Group [Tipper and Richards, 1976; Gagnon et al., 2012] , which is, in turn, overlain by Upper Jurassic to latest Cretaceous clastic sedimentary rocks of the Bowser and Sustut basins [Tipper and Richards, 1976; Monger, 1977; Monger et al., 1982 Monger et al., , 1991 Evenchick, 1991a; Logan et al., 2000] .
Approximately 400 km northwest and along-strike of the Central Gneiss Complex, amphibolite-facies paragneiss, schist, and marble of the Tracy Arm terrane (Berg et al. [1978] ; renamed as the "Tracy Arm assemblage" by Gehrels et al. [1991] ) were correlated with the Yukon-Tanana terrane across the Coast shear zone on the basis of gradational contacts with stratigraphically overlying Permian and Triassic volcanic rocks and a distinctive abundance of Paleoproterozoic DZs [McClelland et al., 1992a; Gehrels, 2000 Gehrels, , 2002 Gehrels et al., 1992; Giesler et al., 2016; Pecha et al., 2016] . However, an along-strike correlation of these rocks with the Central Gneiss Complex is complicated by the uncertain northwestward continuation of a major normal fault that bounds the northeastern margin of the Central Gneiss Complex (Figure 1 ). Though some authors [e.g., have proposed that the Yukon-Tanana terrane in southeastern Alaska represents Tectonics 10.1002/2017TC004594 basement to the isotopically juvenile Stikine terrane, the lack of Devonian and Precambrian DZs in Stikinian rocks [Evenchick et al., 2007; Barresi et al., 2015; Cutts et al., 2015] makes this scenario unlikely.
Prior Constraints on Protolith of Central Gneiss Complex
In contrast to the confidently correlated terranes to the northeast and southwest, amphibolite-to granulitefacies rocks within the Central Gneiss Complex have evaded placement within a regional tectonostratigraphic framework due to high-grade metamorphism and Jurassic to Eocene magmatism. Adjacent terranes are difficult to trace into the Central Gneiss Complex because it is bounded on both sides by major shear zones (Figure 1 ) [Hollister, 1982; Hollister and Andronicos, 2006; Crawford and Hollister, 1982; Heah, 1991; Andronicos et al., 2003; Rusmore et al., 2005] .
Much of the Central Gneiss Complex consists of heterogeneously layered gray-weathering quartzofeldspathic gneiss with lesser aluminous, rusty-weathering garnet-biotite, calc-silicate, and amphibolite gneiss (Figure 1c ) [Baer, 1968; Hutchison, 1982; Woodsworth et al., 1983a; Hollister and Andronicos, 2000] . The aluminous gneiss has been extensively studied near the Skeena River [Hollister and Andronicos, 2000, and references therein] and is hypothesized to be a highly aluminous metasedimentary residuum left after partial melt extraction [Selverstone and Hollister, 1980; Hollister and Andronicos, 2000] . In addition to the presence of these aluminous metasedimentary rocks, carbonate is also interlayered with quartzofeldspathic gneiss, with one documented locality of preserved crinoid fossils [Hill, 1985a] . Near Lluvia Peak (Figure 1 ), Hill [1985b] also described a stretched-pebble conglomerate in quartzofeldspathic gneiss, which contains clasts that are compositionally distinct from the matrix. These and other field observations, as well as whole rock geochemistry, have led most workers to suggest that the protolith of the Central Gneiss Complex was a thick package of felsic to intermediate calc-alkaline volcanic rocks with interlayered sedimentary rocks [Woodsworth et al., 1983a; Hill, 1985b; Douglas, 1986; Hollister and Andronicos, 2000] . These rocks are interspersed with compositionally homogeneous bodies interpreted to be orthogneisses [e.g., Hutchison, 1967] .
In contrast to relatively discontinuous aluminous rocks exposed adjacent to the Skeena River, a >6 km thick package of aluminous metasedimentary rocks is also exposed near Khutzeymateen Inlet [Douglas, 1983 [Douglas, , 1986 Hutchison, 1967 Hutchison, , 1982 ; similar rocks are exposed near Lluvia Peak where they are interlayered with carbonates and amphibolites [Hill, 1985b] (Figure 1c ). Though within its spatial boundaries, these rocks contrast with the primarily quartzofeldspathic gneiss exposed throughout much of the Central Gneiss Complex [Hutchison, 1982] and were thus hypothesized to overlie it. Additional work on these rocks by Douglas [1983 Douglas [ , 1986 along Khutzeymateen Inlet suggested that these rocks were in thrust contact with the rocks below; in contrast, similar rocks near Lluvia Peak were interpreted by Hill [1985b] to unconformably overlie quartzofeldspathic gneiss of the Central Gneiss Complex. Workers documented amphibolite-facies metamorphism of these rocks, like the classically defined Central Gneiss Complex below, and recognized that they were both deformed together [Douglas, 1983 [Douglas, , 1986 Hill, 1985b] . Douglas [1986] and Wheeler and McFeely [1991] favored a correlation of these "outlier" rocks with the Gravina belt, McClelland et al. [1992c] preferred a correlation with the Yukon-Tanana terrane, and Hill [1985b] suggested a correlation with Mesozoic rocks atop the Stikine terrane. In addition to the outstanding question of their age, the nature of the contact with underlying rocks is also unknown.
Crawford et al.
[2000] suggested a correlation of the Central Gneiss Complex to the Yukon-Tanana terrane west of the Coast Shear zone based upon a similar mid-Cretaceous history of thrusting and metamorphism and hypothesized stratigraphic linkages. However, the Central Gneiss Complex only locally exhibits "evolved" isotopic signatures that would support a correlation with the Yukon-Tanana terrane or distal, North American craton-derived sedimentary rocks ]. Instead, much of the Central Gneiss Complex and Coast Mountains batholith is isotopically juvenile [Armstrong and Runkle, 1979; Cecil et al., 2011; Girardi et al., 2012] , which hinted at a correlation with the Stikine terrane to the east or Gravina belt to the northwest [Douglas, 1986; Wheeler and McFeely, 1991] . Woodsworth [1979] proposed a transitional eastern contact between the Stikine terrane and the Central Gneiss Complex, but the intervening region is characterized by a~10 km wide zone of intense faulting and numerous dike swarms. Early attempts yielded ambiguous Rb-Sr and U-Pb zircon ages (36 ± 40 Ma Rb-Sr whole-rock isochron age: Armstrong and Runkle Rocks exposed within and adjacent to the Central Gneiss Complex were subjected to up to~1000 km of Late Jurassic to mid-Cretaceous sinistral displacement along northwest-striking faults [Avé Lallemant and Oldow, 1988; Plafker et al., 1989; Monger et al., 1994; Chardon, 2003; Chardon et al., 1999; Butler et al., 2006; Gehrels et al., 2009; Wolf et al., 2010; Angen et al., 2014; Tochilin et al., 2014; Yokelson et al., 2015; Giesler et al., 2016; Pecha et al., 2016; White et al., 2015] . This was followed by development of a southwest-vergent, midCretaceous thrust belt associated with underthrusting of the Alexander-Wrangellia composite terrane, which is now located southwest of the Coast shear zone [Crawford et al., 1987 Crawford and Hollister, 1982] . Structurally higher, amphibolite-facies rocks within this thrust belt are located directly west of the Coast shear zone and grade westward into structurally lower, greenschist-facies rocks of the Wrangellia terrane [Crawford and Hollister, 1982; Crawford et al., 1987; Hutchison, 1982; Gehrels et al., 1992; McClelland et al., 1992b; Rubin and Saleeby, 1992; Rubin et al., 1990; Butler et al., 2006] . Prograde garnet growth associated with crustal thickening in the thrust belt occurred from 108 to 102 Ma [Wolf et al., 2010] , and thrusting was complete bỹ 90 Ma [McClelland et al., 1992b] ; these western rocks had mostly cooled below~500°C by~75 Ma [Butler et al., 2006] .
Rocks east of the Central Gneiss Complex in the Stikine terrane also experienced major Early Cretaceous to early Cenozoic shortening, which was accommodated by the northeast-vergent Skeena fold-thrust belt [Evenchick, 1991a [Evenchick, , 1991b Evenchick et al., 2007] . The Skeena fold-thrust belt is interpreted as a major upper crustal retroarc fold-thrust belt that accommodated >160 km of westward underthrusting of Stikinia into the deeper levels of the Coast Mountains batholith [Evenchick, 1991a [Evenchick, , 1991b Evenchick et al., 2007] . Thus, both retroarc and trench side underthrusting have been proposed to contribute to burial of Central Gneiss Complex rocks.
The earliest deformation recorded in the Central Gneiss Complex consists of pervasive folding, vertical flattening, and kyanite-grade metamorphism interpreted to result from thrusting and burial to 25-30 km depth [Hollister, 1982; Hollister and Andronicos, 2000; Crawford et al., 1987; Andronicos et al., 1999; Stowell and Crawford, 2000; Rusmore et al., 2005] . This deformation began prior to~90 Ma and lasted until 77-70 Ma, as constrained by U-Pb zircon ages of syndeformational orthogneisses and monazite inclusions in garnet along Douglas Channel [Rusmore et al., 2005] . This shortening was followed by slow isothermal decompression as sillimanite replaced kyanite during formation of kilometer-scale, northeast-plunging folds and steeply northeast-dipping foliations; this episode of deformation was interpreted to represent continued contraction during partitioned dextral transpression from~70 to 59 Ma [Selverstone and Hollister, 1980; Klepeis et al., 1998; Hollister and Andronicos, 1997 Andronicos et al., 1999 Andronicos et al., , 2003 Rusmore et al., 2005] . After~60 Ma, rapid exhumation of the Central Gneiss Complex was accommodated by major northeast-oriented extension, which was concurrent with granulite-facies metamorphism and high-volume magmatism at deeper structural levels that lasted until~48 Ma [Heah, 1991; Andronicos et al., 2003; Rusmore et al., 2005; Gehrels et al., 2009] .
Methods

Field Studies in the Lluvia Peak Area
Given that much of the early burial history of the structurally deepest rocks in the area is obscured by Cretaceous to Eocene magmatism and metamorphism, we focused our field investigations on high-elevation, structurally shallower rocks exposed at Lluvia Peak that were previously studied in reconnaissance fashion by Hutchison [1982] and as a part of an unpublished PhD dissertation by Hill [1985b] . These prior investigations strongly suggested sedimentary and calc-alkaline volcanic protoliths for rocks exposed there; thermobarometry indicates that they experienced amphibolite-facies metamorphism [Hutchison, 1982; Hill, 1985b] , which is lower grade than structurally deeper rocks [e.g., Hollister, 1975] . In the context of our field investigations, we collected samples for U-Pb zircon (detrital and igneous) geochronology.
U-Pb Zircon Geochronology
To constrain protolith ages of Central Gneiss Complex and "outlier" rocks within its boundaries, we used U-Pb zircon geochronology. We then evaluated these results in the context of models for how supracrustal rocks are redistributed or recycled within deep crustal levels of Cordilleran magmatic arcs. We focused on localities where previous work had documented sedimentary protoliths, including at Lluvia Peak and from representative lithologies of Central Gneiss Complex rocks along the northern side of the Skeena River and on the northeastern shore of Gardner Canal at Kemano Bay ( Figure 1 ). During DZ sample collection and processing, care was taken to exclude any veins or dikes suspected to be of an igneous origin. We also analyzed igneous zircons to place a younger limit on the timing of deformation at Lluvia Peak, which is an important constraint on the timing and mechanism of burial of Central Gneiss Complex rocks.
Mineral separations for U-Pb zircon geochronology were accomplished using standard crushing techniques, followed by passage over a Wilfley shaking table, Frantz magnetic separator, and density separation using methylene iodide. We acquired cathodoluminescence (CL) images of all samples prior to analysis to locate laser spots on texturally distinct domains of zircon grains. U-Pb geochronology was performed at the University of Arizona's Laserchron Center using Laser Ablation-Multicollector-Inductively Coupled Plasma Mass Spectrometry (LA-MC-ICPMS). Spot sizes of 25-35 μm were used for zircon cores, whereas 12 or 25 μm spots were used for smaller rims or growth domains identified on CL images. Additional details of mineral separation and U-Pb analysis are given in Text S1 in the supporting information.
Amphibolite to granulite-facies metamorphism experienced by the Central Gneiss Complex (temperatures 750 ± 50°C) [Hollister, 1975 [Hollister, , 1977 Selverstone and Hollister, 1980] was insufficient to reset the U-Pb system in our rocks via volume diffusion (closure temperature of~950°C for our smallest analyzed zircon grains, 30 μm radius) [Cherniak and Watson, 2000] . Thus, we consider two more likely processes to potentially affect the U-Pb isotopic system in zircon during metamorphism: (1) partial or complete Pb loss through fluid interaction during metamorphism [e.g., Geisler et al., 2007] or (2) solid-state recrystallization [e.g., Schaltegger et al., 1999] .
Partial and less commonly complete Pb loss through fluid interaction has been shown to disturb the U-Pb isotopic system in zircon via a diffusion-reaction process in radiation-damaged zircon and/or through dissolution-reprecipitation at zircon rims [e.g., Pidgeon, 1992; Mezger and Krogstad, 1997; Geisler et al., 2007] . In most rocks that experience Pb loss, some grains retain a memory of their parent isotope compositions, resulting in discordant analyses. In addition, given that Pb loss is enhanced in high-U, radiationdamaged zircon [Mezger and Krogstad, 1997] , greater Pb loss and therefore younger U-Pb zircon ages should correlate with higher U content where Pb loss occurs during fluid interaction. In contrast, during coupled dissolution-reprecipitation of zircon, textural observations of zircons on CL images should show patchy reaction zones where the U-Pb isotopic system has been reequilibrated [Pidgeon, 1992; Geisler et al., 2007] . Some authors have also documented solid-state recrystallization of zircon during granulite-facies metamorphism [Schaltegger et al., 1999; Hoskin and Black, 2000] ; during this process, compositional zoning of zircon grains on CL images becomes overprinted by dark, featureless zircon, providing an indicator that this process has occurred [Corfu et al., 2003; Hoskin and Schaltegger, 2003] . Thus, the approach taken here that utilizes U-Pb zircon geochronology in the context of high-resolution CL imaging is well suited to capture premetamorphic ages of zircon grains and the extent of possible Pb loss or recrystallization during highgrade metamorphism.
Zircons analyzed here display compositional zoning in CL images (Figure 2 ). Where possible, we analyzed zircon cores and rims. After analysis, we acquired high-resolution CL images at the grain-scale to observe laser pits in the context of compositional zoning. When determining maximum depositional ages for rocks interpreted to have sedimentary protoliths, we excluded rim and core analyses that sampled CL domains interpreted to be metamorphic in origin (Figure 2 ). We assigned maximum depositional ages to the youngest age cluster in a sample defined by three or more overlapping analyses [Dickinson and Gehrels, 2009] .
Sm-Nd Garnet Thermochronology
To evaluate the timing and duration of metamorphism in the Kwinitsa samples, we used Sm-Nd garnet thermochronology. To place the Sm-Nd garnet thermochronological results in a geological context, we characterized garnet compositional zoning in sample GJP-92 using an electron microprobe. For Sm-Nd garnet thermochronology, the isotopic ratios of 143 Nd/ 144 Nd and the trace element concentrations of Sm and Nd were measured by TIMS on whole rock samples and garnet separates at the University of Arizona [Ducea et al., 2003] . Additional details of electron microprobe and Sm-Nd analytical methods are available in Text S1. 
Results
Zircons in all samples analyzed here are generally elongate in shape; where present on CL images, zircon rim overgrowths overlap cores. Rim analyses generally yielded high U/Th ratios (≥10) and display minimal oscillatory zoning compared to zircon cores, an observation that is consistent with zircon crystallization during metamorphism [e.g., Corfu et al., 2003; Rubatto, 2002] . All gneissic samples analyzed here contain some zircons with pre-mid-Cretaceous core ages (Figures 2 and 3 and supporting information Table S1 ).
Lluvia Peak Area 4.1.1. Field Investigation
In the Lluvia Peak area, Hutchison [1967 Hutchison [ , 1982 and Hill [1985b] documented interlayered, "rusty-weathering" aluminous biotite schist and marble that overlies "gray-weathering" quartzofeldspathic gneiss characteristic of much of the Central Gneiss Complex elsewhere. In all of these lithologies, Hill [1985b] described shallowly west-plunging recumbent and isoclinal folds with wavelengths of centimeters to several hundred meters; gently west-dipping mylonitic foliations in the area are axial planar to these folds. Mineral and stretching lineations are also shallowly west-plunging and parallel the fold axes [Hill, 1985b] . Hill [1985b] also documented local migmatization and amphibolite-facies metamorphism (peak metamorphic conditions of 702 ± 50°C and 7.6 ± 1 kbar) using garnet-biotite thermometry and garnet-plagioclase-sillimanite-quartz barometry. Using detailed field and petrographic observations, Hill [1985b] interpreted the rocks in the area to preserve two phases of deformation: (1) earlier thrusting with uncertain kinematics across an approximately horizontal shear zone and (2) later, localized dextral transpression along northwest-striking structures. We conducted foot traverses above treeline along the northern side of the ridge connecting Epidote Crag, Lluvia Peak, and Niebla Peak and collected samples for geochronology and petrography. (Figure 4 ). This area constitutes a broad shear zone in the central portion of Hill's map area that she showed was largely unaffected by the second phase of deformation.
Several lines of evidence suggest that the largely quartzofeldspathic, structurally lower gneisses represent an interlayered sequence of felsic, metavolcanic, and metasedimentary rocks. For example, interlayered within the >1500 m thick dominant quartzofeldspathic lithology are 2-10 cm thick, boudinaged calcareous layers with epidote, diopside, and garnet rinds around crystalline calcite cores ( Figure 5a ) and aluminous layers with likely pelitic protoliths that contain abundant biotite, garnet, and sillimanite. In one locality (14DM03), 5-10 cm thick, repetitive layers of coarser grained, quartzofeldspathic gneiss transition into finer grained, more aluminous gneiss; this may be graded bedding (Figure 5b ).
Structurally atop the quartzofeldspathic gneisses are >700 m of rusty-weathering aluminous gneisses previously interpreted to be metasedimentary rocks [Hill, 1985b; Hutchison, 1967 Hutchison, , 1982 . These rocks consist of 0.3-4 m thick layers of fine-grained feldspathic quartzite, marble, calc-silicate gneiss, and uncommon medium-grained garnet-sillimanite-biotite gneiss (Figure 5c ). Three continuous layers of amphibolite up to 30 m thick are also exposed (Figure 4) . The rusty-weathering gneiss has an indistinguishable foliation from the quartzofeldspathic unit below and was subjected to the same peak metamorphic conditions [Hill, 1985b] .
The most pervasive deformational fabrics exhibited by rocks in the area consist of shallowly west-dipping foliations that are parallel to the axial surfaces of isoclinal folds that deform compositional layering ( Figure 4) ; the presence of rootless isoclinal folds (Figure 5d ) attests to transposition of bedding. In addition to mineral and stretching lineations and fold axes, elongated clasts in a stretched pebble conglomerate (14DM48; Figure 5e ) in the upper quartzofeldspathic gneiss are also shallowly west-plunging. In one location (14DM26), a 30 cm thick granodiorite dike crosscuts a meter-scale recumbent fold and exhibits a weak, Figure 3 . Normalized probability density plot and U/Th ratios for Central Gneiss Complex zircon analyses. Analyses interpreted to reflect metamorphic zircon growth were not included in probability plots and are shown in a lighter color. Data sources for reference strata: Gravina basin [Kapp and Gehrels, 1998; Gehrels, 2001; Tochilin et al., 2014; Yokelson et al., 2015] , Bowser basin [Evenchick et al., 2007] , Chugach accretionary complex [Haeussler et al., 2006; Amato and Pavlis, 2010; Garver and Davidson, 2015] , and limited data from two detrital samples from the lower Hazelton Group with unimodal U-Pb zircon age populations [Cutts et al., 2015] .
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west-dipping foliation that parallels that in surrounding rocks (Figure 5f ). These observations are in accord with Hill [1985b] and suggest that major strain occurred before granodioritic magmatism.
A prominent kilometer-scale, recumbent fold involving aluminous gneiss and amphibolite is obliquely truncated at the lithologic contact between the quartzofeldspathic and overlying aluminous gneiss, which is a zone of localized shear strain (Figure 4 ). Though the sill-shaped, granodioritic Lluvia Peak pluton cannot be directly observed to crosscut the mylonitized contact of the quartzofeldspathic and aluminous gneisses, the pluton is undeformed and clearly crosscuts the kilometer-scale fold. The intrusive contact of the pluton and adjacent gneisses is well-exposed (Figure 5g ), and adjacent rocks are not contact-metamorphosed. Further, mylonites adjacent to the pluton have been statically recrystallized at the same regional metamorphic conditions as surrounding gneisses; these observations corroborate those of Hill [1985b] and indicate that the pluton postdates major folding and shear strain and that high-grade metamorphism of rocks in the area was synchronous with plutonism. Despite the importance of the age of the pluton for constraining the timing of deformation and metamorphism, prior age constraints are in conflict. Though Hill [1985b] reported a multigrain U-Pb zircon TIMS age of 77.1 ± 1.6 Ma ( 206 Pb/ 238 U, 2σ uncertainty), a more recent UPb zircon age obtained using LA-MC-ICPMS dating was 60 ± 13 Ma (Andronicos, 1997 unpublished data, reported in Gehrels et al. [2009 ). The Lluvia Peak pluton also yielded a U-Pb titanite (closure temperature ≤ 750°C) [Kohn and Corrie, 2011; Spencer et al., 2013] LA-MC-ICPMS age of 50.7 ± 1.5 Ma Andronicos,1997 unpublished data, reported in Gehrels et al. [2009 ), and K-Ar hornblende and biotite ages of 53.7 ± 3.0 Ma and 51.9 ± 1.3 Ma, respectively [Hill, 1985b] . Given the inconsistency of the existing U-Pb zircon ages, we collected an additional sample (14DM45) for U-Pb zircon analysis to constrain the timing of deformation.
U-Pb Zircon Sample Context and Results
Samples collected from the Lluvia Peak area for U-Pb zircon geochronology consist of (1) quartzite from the previously described outcrop interpreted to exhibit graded bedding (DZ sample 14DM03); (2) calcareous quartzite from the rusty-weathering aluminous gneiss unit (DZ sample 14DM54); (3) stretched pebble conglomerate from the gray, quartzofeldspathic gneiss unit (DZ sample 14DM48); (4) a granodiorite dike cutting a recumbent fold, which puts a lower limit on the timing of isoclinal folding (14DM26); and (5) a sample of the undeformed Lluvia Peak pluton to place a younger limit on the timing of recumbent folding, major shear strain, and high-grade metamorphism. The samples of stretched pebble conglomerate and calcareous quartzite both contain subhedral to rounded zircons with zoned cores surrounded by thick rims (Figure 2 ). We analyzed cores and rims in both samples; core analyses have low U/Th and rims have high U/Th (see supporting information Table S1 ). The sample of quartzite with apparent graded bedding did not yield many zircons, but four core analyses yielded an age of~206 Ma (see supporting information Table S1 ). Core analyses from the stretched pebble conglomerate in the upper gray gneiss form a unimodal age peak at~192 Ma (n = 30). Core analyses from the structurally highest metasedimentary DZ sample, the calcareous quartzite, yielded a prominent age peak at~189 Ma (n = 59). Zircon rim analyses define an age of~50 Ma. In sample 14DM54, an additional rim population may be present at~80 Ma.
The granodiorite dike and the Lluvia Peak pluton both contain euhedral and elongate zircons (Figure 2 ), which either contain oscillatory zonation throughout or have inner, embayed cores mantled by oscillatory zoned rims. We dated cores and rims in both samples. In both samples, two age distributions are recognized: 200 Ma igneous cores and~80 Ma rims ( Figure 6 ). Given the clear oscillatory zoned rims surrounding irregular, relict cores, we interpret the rim age to be representative of the age of crystallization. Interpreted as such, the pluton (14DM45) crystallization age is 80.5 ± 1.1 Ma (2σ error here and henceforth; n = 42) and the crosscutting dike is 78.3 ± 1.5 Ma (n = 11). The zircon ages are concordant for both samples and are statistically indistinguishable; our Lluvia Peak pluton crystallization age obtained here is similar to the 77.1 ± 1.6 Ma multigrain TIMS age reported by Hill [1985b] .
Exchamsiks River U-Pb Zircon Sample Context and Results
We collected a sample (13DPDM04) from a medium-grained, garnet-biotite-hornblende-quartz-plagioclase gneiss~1 km southwest of the Exchamsiks River that is structurally deeper in the Central Gneiss Complex compared to the Lluvia Peak locality [Hollister and Andronicos, 1997] and is located below the 53.4 ± 1.3 Ma Kasiks sill (Figure 1) [Andronicos et al., 2003 ]. The sample was described by Woodsworth et al. [1983a] as typical of gray-weathering quartzofeldspathic gneiss of the Central Gneiss Complex and was collected from a heterogeneously layered, well-foliated gneiss with~10% mafic layers, up to 20 m thick carbonate layers, and occasional pegmatite sills. This locality is~10 km southwest of the locality where Hill's [1985a] crinoid fossil was collected. The Exchamsiks sample zircon cores are oscillatory zoned (Figure 2 ) and yielded a concordant, unimodal age population of 314 ± 5 Ma (n = 19); though rim dates vary from~102 to~56 Ma, apparently, two episodes of metamorphic zircon growth occurred at~83 Ma and 63-56 Ma (Figures 2 and 3 ).
Kwinitsa 4.3.1. U-Pb Zircon Sample Context and Results
Aluminous, dominantly metasedimentary lithologies from the deepest exposed crustal levels in the Central Gneiss Complex are well-exposed in the walls of a quarry at the Kwinitsa locality and, as such, have been extensively studied by prior workers [Hollister, 1975 [Hollister, , 1977 [Hollister, , 1982 Armstrong and Runkle, 1979; Hutchison, 1982; Woodsworth et al., 1983a Woodsworth et al., , 1983b . The outcrop here largely consists of layered biotite-garnet-plagioclase-quartz gneiss and lesser plagioclase-quartz-diopside orthogneiss [Roddick and Hutchison, 1972 ; Hollister, 1975; Woodsworth et al., 1983a] . We collected two rocks from Kwinitsa quarry: sample GJP-92 was collected from a biotite-rich layer containing abundant purple garnet and fibrolitic sillimanite and graphite; this composition, in addition to the presence of interlayered, diopside-rich calcareous boudins, suggests a sedimentary protolith for these rocks [Roddick and Hutchison, 1972; Woodsworth et al., 1983a] . The second sample (GJP-93) was collected from a granoblastic gneiss consisting of plagioclase, quartz, diopside, biotite, and garnet ( Figure 5h ). This rock is very similar to orthogneiss described by others at the Kwinitsa locality, and we interpret it as such. Prior U-Pb multigrain TIMS ages of biotite-plagioclase-quartz gneiss and a pyroxene granulite from the quarry were reported by Woodsworth et al. [1983b] . Matrix zircons from those rocks yielded concordant ages of 65-58 Ma. In contrast, zircons from a garnet-bearing granulite that were primarily inclusions in garnet yielded~75 Ma ages. Though these results were interpreted to reflect partial resetting of zircon included in garnet and full resetting of matrix zircon during metamorphism [Woodsworth et al., 1983b] , the multigrain nature of the ages, internal zoning of the zircons observed on CL images, and lack of a textural context for these analyses prompted the work reported here.
Oscillatory zoned zircon cores in CL images of GJP-92 have low U/Th ratios and distinct, more homogeneous rims contain high U/Th (Figures 2 and 3 and supporting information Table S1 ). Core analyses yielded sparse U-Pb dates between 150 and 90 Ma, with a dominant age peak at~71 Ma. Zircon rim analyses for this sample yielded high U/Th ratios and U-Pb dates that vary from~69 Ma to~55 Ma, with an average age of 64 ± 2 Ma (n = 10), which we interpret as the age of metamorphic zircon growth; this rock also contains an apparent~56 Ma metamorphic zircon age population. The youngest population of core analyses contains low U/Th ratios and an age of 71 ± 2 Ma (n = 11). For orthogneiss sample GJP-93, zircon cores are oscillatory or sector-zoned and are surrounded by homogeneous to oscillatory zoned rims (Figure 2 ). Core analyses yielded an age of 64.6 ± 1.2 Ma (Figure 6 ). Rim analyses yielded an age of 52.6 ± 2.5 Ma (n = 6). Notably, in sample GJP-93, some core and rim analyses have high U/Th. Though roughly consistent with Woodsworth et al.'s [1983b] TIMS results, these new data demonstrate a complex Late Cretaceous and early Cenozoic history of magmatism and metamorphism.
Sm-Nd Garnet Thermochronology Sample Context and Results
Garnet grains in sample GJP-92 from Kwinitsa quarry are compositionally homogeneous except for minor retrograde diffusion-zoned rims (Figure 7 ), indicating equilibration with surrounding minerals at high temperatures. This suggests that our obtained garnet isochron ages represent cooling ages. We used Ganguly and Tirone's [1999] model to calculate an average closure temperature for Kwinitsa garnets of~730°C (see Text S1 for discussion of the Sm-Nd garnet closure temperature calculations). This is within-error of the peak metamorphic temperature recorded by rocks in this area (750°C ± 25°C) [Selverstone and Hollister, 1980] . The sample interpreted to have a metasedimentary origin yielded a garnet-whole rock Sm-Nd age of 56.1 ± 5.5 Ma, and the orthogneiss yielded an age of 54.2 ± 5.1 Ma (Figure 6 ).
Kemano Bay U-Pb Zircon Sample Context and Results
The Kemano sample was collected~125 km southeast of Kwinitsa along Gardner Canal near the mouth of Kemano Bay (Figure 1 ). These rocks are also at structurally deep levels of the Central Gneiss Complex. In this Figure 7 . Garnet compositional zoning (inset) and garnet-whole rock isochron plots for aluminous paragneiss GJP-92 and orthogneiss GJP-93 from Kwinitsa area.
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portion of the Central Gneiss Complex, country rocks of the Coast Mountains batholith consist of rusty finegrained gneiss and schist, minor garnet-sillimanite-biotite schist, diopside-and epidote-rich marble, and garnet-staurolite-kyanite schist [Roddick, 1970; Depine et al., 2011] . The Kemano sample was collected from a nonmigmatitic outcrop of biotite-plagioclase-quartz schist that displays layering on the 30 cm scale, with thin metapelitic horizons. The layering is interpreted to reflect original graded bedding of the schist's sedimentary protolith. Zircons from this sample vary from rounded to elongate in shape; though most zircons contain oscillatory zoned cores with thin, homogeneous rims, some grains exhibit convolute or mosaic textures (Figure 2 ) [Corfu et al., 2003] . Several age populations are present in this sample:~190 Ma, 150 Ma,~85 Ma, and~53 Ma (Figure 3) . The youngest age population that consists of core analyses with low U/Th is 85 ± 3 Ma (n = 8). Textures on CL images and high U/Th suggest metamorphic zircon growth at~53 Ma.
5. Discussion 5.1. Constraints on Protolith, Burial Mechanism, and Cordilleran Tectonics 5.1.1. Lluvia Peak and Exchamsiks River Quartzofeldspathic and aluminous gneisses in the Lluvia Peak area contain compositional layering, conglomerate, local carbonate interlayers, possible primary sedimentary structures, and highly aluminous layers. Detrital zircon U-Pb geochronology from these rocks defines unimodal age populations and maximum depositional ages of~190 Ma for both quartzofeldspathic and aluminous gneissic units in the study area. These results suggest an interlayered sequence of volcanic and sedimentary rocks, at least partially in a marine depositional environment and adjacent to a felsic volcanic center, which is consistent with prior conclusions by Hutchison [1982] and Hill [1985b] .
The absence of Precambrian zircons in all of our samples precludes correlation with rocks of the YukonTanana or Taku terranes [Kapp and Gehrels, 1998; Giesler et al., 2016; Pecha et al., 2016] or Gravina belt . Instead, ages for metasedimentary rocks reported here closely match the age of the lower Hazelton Group in western Stikinia [Evenchick et al., 2004; Gagnon et al., 2012] , which also displays unimodal DZ spectra of the same age [Barresi et al., 2015; Cutts et al., 2015] . Likewise, the lithologic sequence exposed at Lluvia Peak is an excellent match to the lower Hazelton Group directly east of the Central Gneiss Complex [Gagnon et al., 2012; Barresi et al., 2015] . There, the lower Hazelton Group consists of 5-15 m thick intermediate to felsic lava flows with occasional interbedded marine sediments; these rocks are overlain by Early Jurassic interbedded carbonate and basalt flows [Tipper and Richards, 1976; Marsden and Thorkelson, 1992; Gagnon et al., 2012] .
Despite the documentation by Hill [1985b] of distributed shear strain throughout the area, the close match in U-Pb zircon ages of rocks across the lithologic contact within the shear zone suggests that it either did not accommodate major slip or was bedding-parallel and thus accommodated only minor structural relief. These deformational fabrics are cut by a granodiorite pluton and associated sills that are largely undeformed. Taken together, these results suggest that the majority of deformation here occurred prior to~80 Ma. Though the shear zone could alternatively be an extensional structure, low-angle normal faulting in the region is Eocene in age and the >80 Ma age of deformation is more simply interpreted as concurrent with regional thrusting.
Inherited,~200 Ma zircon cores from a dike and the Lluvia Peak pluton are the same as or slightly older than ages of country rocks. The lack of a contact aureole around the pluton suggests that high-grade metamorphism was ongoing at~80 Ma. Xenocrystic zircons that are similar in age to surrounding rocks (~200 Ma) suggest that partial melting of rocks likely deeper than the emplacement level during peak metamorphism contributed to~80 Ma plutonism. Existing U-Pb titanite and K-Ar hornblende and biotite ages from the Lluvia Peak pluton of~50 Ma [Hill, 1985b; Gehrels et al., 2009 ] match the age of high U/Th zircon rims in metasedimentary rocks interpreted here to be metamorphic and indicate that rocks either remained at high temperatures (up to 750°C) until after~50 Ma or experienced another, separate pulse of late metamorphism.
A unimodal population of Early Pennsylvanian zircon core ages obtained from the Exchamsiks sample locality agrees with the likely age of Hill's [1985a] crinoid stems collected from calc-silicate boudins~10 km to the northeast. Although the heterogeneous nature of the rock dated here and interlayered carbonate boudins suggest that it was originally a volcanic rock, it is not possible to exclude a plutonic origin. The rock's Tectonics
Pennsylvanian age is most simply interpreted as correlative to Stikinia, the basement of which comprises Mississippian to Pennsylvanian intermediate to felsic volcanic and plutonic rocks [Heah, 1991; Logan et al., 2000; Pignotta et al., 2010] that are overlain by Pennsylvanian to middle Permian limestone [Monger et al., 1991; Nelson, 2009] . The excellent correlation of structurally higher Lluvia Peak rocks with the lower Hazelton Group to the east, in addition to this structurally lower Pennsylvanian gneiss, strongly supports a correlation of a substantial portion of the Central Gneiss Complex with the western Stikine terrane.
Our primary results suggest that Central Gneiss Complex rocks, which are bounded on their western side by the >1200 km long Coast shear zone, correlate to Stikinia rather than the Yukon-Tanana terrane. This is in contrast to the presence of Yukon-Tanana terrane-equivalent rocks (Tracy Arm assemblage-Yukon-Tanana "south" of Pecha et al. [2016] ) east of the Coast Shear Zone in southeastern Alaska (Figure 1) [Gehrels, 2000 [Gehrels, , 2002 Gehrels et al., 1991 Gehrels et al., , 1992 Giesler et al., 2016; Pecha et al., 2016] . Similar rocks located west of the Coast shear zone (e.g., Scotia-Quaal belt) are also confidently correlated to the southern Yukon-Tanana terrane [Gareau and Woodsworth, 2000; Gehrels, 2001; Giesler et al., 2016; Pecha et al., 2016] . These rudimentary observations are consistent with apparent left-lateral separation of the two equivalent pieces of the southern Yukon-Tanana terrane across the Coast shear zone (Figure 1 ). This is consistent with prior stratigraphic and magmatic [Avé Lallemant and Oldow, 1988; Plafker et al., 1989; Monger et al., 1994; Gehrels et al., 2009; Tochilin et al., 2014; White et al., 2015; Yokelson et al., 2015; Giesler et al., 2016; Pecha et al., 2016] as well as structural observations [Chardon, 2003; Chardon et al., 1999; Angen et al., 2014] that demonstrate major Late Jurassic to Early Cretaceous sinistral deformation adjacent to and southwest of the Coast shear zone.
Concurrent with or following sinistral displacement, the first phase of penetrative deformation preserved in the Lluvia Peak area is similar in many ways to an "early," but poorly dated episode of shortening and burial metamorphism described elsewhere in the Central Gneiss Complex [Hollister, 1982; Crawford et al., 1987; Andronicos et al., 1999; Hollister and Andronicos, 2000; Stowell and Crawford, 2000; Rusmore et al., 2005] . In the context of prior work, our results show that a substantial portion of the Central Gneiss Complex was derived from the east and underwent major deformation prior to~80 Ma. This supports hypothesized westward underthrusting at the roots of the Skeena fold-thrust belt, which accommodated >160 km of Cretaceous underthrusting of Stikinia beneath the Coast Mountains batholith [Evenchick et al., 2007] . Given the peak metamorphic pressure of~7.6 kbar for rocks near Lluvia Peak [Hill, 1985b] , this suggests that after 190 Ma deposition, supracrustal rocks were buried to a depth of~28 km.
Dextral transpression [Hill, 1985b] after~77-70 Ma [Andronicos et al., , 2003 Rusmore et al., 2005] overprinted this older deformation at deeper structural levels. The presence of 55-48 Ma metamorphic overgrowths in zircons from metasedimentary rocks matches the age of a major magmatic flare-up and associated metamorphism in the Coast Mountains batholith Girardi et al., 2012] , which was concomitant with major, extension-related exhumation in the Central Gneiss Complex Heah, 1991; Andronicos et al., 2003; Rusmore et al., 2005] .
Kwinitsa and Kemano
In contrast to likely Stikinia-affinity rocks constrained by the structurally higher Exchamsiks sample, the Kwinitsa and Kemano gneisses yielded surprisingly young Late Cretaceous zircon dates that are inconsistent with known protoliths in the Stikine terrane (Figure 3 ). Despite the granulite-facies metamorphism of these rocks, they are unlikely to have been diffusionally reset [Cherniak, 2003; Cherniak and Watson, 2000] .
Textures on CL images and high U/Th ratios (Figures 2 and 3 ) suggest that zircon rims in these rocks are metamorphic [Rubatto, 2002] and formed from~64 to 53 Ma. Older rim ages from Kwinitsa paragneiss are similar to~65 Ma igneous cores from the adjacent orthogneiss (sample GJP-93). Thus, metamorphic zircon growth in the adjacent sample GJP-92 was concurrent with intrusion of this orthogneiss and metamorphic zircon growth continued in both samples into early Eocene time. Furthermore, some high U/Th zircon core analyses in GJP-93 may suggest that melting and zircon neocrystallization occurred during high-grade metamorphism. Younger,~56 Ma metamorphic zircon growth occurred during Eocene magmatism in the Central Gneiss Complex. These results are in accord with prior work suggesting latest Cretaceous to Eocene highgrade metamorphism at the deepest exposed levels of the Central Gneiss Complex .
In the Kemano sample, the oldest population of Jurassic zircons is similar to the~190 Ma unimodal U-Pb zircon age peak obtained from metasedimentary rocks in the Lluvia Peak area. However, the sample also , the lack of a correlation between U-content and U-Pb zircon core ages (Figure 8 ) and the observation that older and younger analyses are concordant ( Figure S1 in the supporting information) suggest that Pb loss via fluid interaction did not produce the younger U-Pb zircon age populations. The populations of~150 and 85 Ma Kemano zircons are characterized primarily by oscillatory zoning (Figure 2 ). However, some zircon cores also display convolute zoning and bleached CL domains that appear to overprint oscillatory zoned zircon cores. Kwinitsa paragneiss sample GJP-92 contains a dominant~71 Ma population of grains that has oscillatory or planar-zoned cores and low U/Th ratios with an apparent lack of bleached domains; however, some zircons that yielded Early Cretaceous ages are also characterized by bleached portions of grains that overprint oscillatory zoned zircons. Elsewhere, others have observed similar bleached areas ("ghost textures") in CL images of zircon that seem to overprint oscillatory zoned zircon; the bleached areas are often located adjacent to dark, featureless domains on CL images where zircon may have undergone solid-state recrystallization [Pidgeon, 1992; Schaltegger et al., 1999; Hoskin and Black, 2000] . Interpreted in this context, this prior work interpreted the transitional bright domains adjacent to clearly defined older "protolith" zircon to represent high-grade metamorphic disturbance preceding incursion of solid-state recrystallization fronts toward grain interiors [Schaltegger et al., 1999; Hoskin and Black, 2000; Geisler et al., 2007] .
To interpret the U-Pb zircon results from the Kwinitsa and Kemano paragneiss samples, we note that both samples contain oscillatory zoned zircon cores that predate well-defined metamorphic rims. In contrast to dark, featureless zircon documented elsewhere in high-grade metamorphic rocks that may have been modified during solid-state recrystallization [e.g., Schaltegger et al., 1999; Hoskin and Black, 2000] , zircon imaged here apparently retained internal CL domains with oscillatory zoning. In addition, in the Kemano sample, U-Pb zircon core dates define distinct age populations rather than broad spreads of dates, with fewer grains displaying possible evidence for syn-metamorphic solid-state recrystallization. These observations support the interpretation that pre~64 Ma zircon cores represent DZ grains whose ages have not been affected by solid-state recrystallization and therefore predate high-grade metamorphism.
The alternative hypothesis for rocks at the Kwinitsa and Kemano localities is that some of the "younger" zircon cores were subjected to postdepositional recrystallization or complete Pb loss. This could have resulted in formation of ghost and convolute zoning textures exhibited by Late Jurassic and Early Cretaceous zircon cores. In this scenario, U-Pb dates obtained from older DZ would represent inherited "protolith" zircon, whereas zircons that yielded Late Cretaceous dates could represent partially or fully recrystallized zircon during ≤70 Ma high-grade metamorphism.
If our simpler interpretation is correct that pre-64 Ma, Late Cretaceous zircon in paragneisses at Kwinitsa and Kemano represents a young detrital population, this suggests that some rocks at the deepest exposed levels of the Central Gneiss Complex represent Upper Cretaceous sedimentary rocks that were rapidly buried and metamorphosed in Late Cretaceous and early Cenozoic time. The two dominant age populations in the Kemano sample,~190 Ma and~150 Ma, would suggest sediment sources generally in the region of the Coast Mountains batholith. However, our samples lack abundant Triassic dates that dominate DZ populations from the Bowser/Sustut retroarc basin [Evenchick et al., 2007] and have maximum depositional ages younger than Upper Jurassic to Lower Cretaceous sediments of the Gravina belt [McClelland et al., 1992a; Kapp and Gehrels, 1998] (Figure 3) . Upper Cretaceous rocks of the southern Chugach accretionary complex, currently northwest of the Central Gneiss Complex, were derived from the Coast Mountains batholith, contain major age peaks that closely match our DZ populations, and are dominated in some samples by populations of Late Cretaceous ages very close to the depositional ages of the samples (Valdez Group) [Haeussler et al., 2006; Amato and Pavlis, 2010; Amato et al., 2013; Kochelek et al., 2011; Garver and Davidson, 2015] . Thus, partial underthrusting of accretionary complex rocks , relamination of sediment at the plate interface Hacker et al., 2011] , or intraarc burial may also be a viable hypothesis for the burial of these rocks beneath the Coast Mountains batholith. Rocks with similar histories were also described from southern California [Jacobson et al., 1996; Barth et al., 2003; Kidder and Ducea, 2006] , southcentral Arizona [Haxel et al., 2015] , Idaho [Lund et al., 2008] , central Washington [Matzel et al., 2004] , southern Alaska [Bleick et al., 2012; Gasser et al., 2012] , Argentina [Cristofolini et al., 2012] , and Tibet [Kapp et al., 2003] . Structurally, the simplest interpretation for these metamorphic rocks is that they were underplated during shallow subduction (Figures 9b and 9c ).
Prior work in the Kwinitsa area indicates that early regional metamorphism occurred at ≥10 kbar, followed by replacement of kyanite by sillimanite [Hollister, 1975 [Hollister, , 1977 [Hollister, , 1982 . In Woodsworth et al.'s [1983b] study of Kwinitsa rocks, zircon included in garnet yielded~75 Ma ages, whereas matrix zircon was 65-58 Ma. Our results build upon this prior work and suggest that the younger matrix zircon grew during metamorphism that was contemporaneous with adjacent magmatism. Additional constraints on the Late Cretaceous metamorphic evolution of the Central Gneiss Complex come from the timing of garnet growth constrained by two samples at the Kwinitsa locality with garnet ages of~55 Ma. Coupled with ages of metamorphic zircon, these results suggest that rocks did not cool below~730°C until after~55 Ma. Thus, these rocks were subjected to high-grade metamorphism on the order of 10 Ma, which was followed by rapid cooling during Eocene extension [Heah, 1991 
Lower Crustal Underplating of Accretionary Wedge Sediments
Though further work is needed to definitively exclude the possibility that zircons at the deepest exposed structural levels in the Central Gneiss Complex at Kemano and Kwinitsa underwent solid-state recrystallization (or complete Pb loss) during high-grade metamorphism, preliminary results suggest that Late Cretaceous trench side underthrusting may have occurred beneath the Coast Mountains batholith. Existing examples of trench side underplating emphasize an episode of shallow subduction [e.g., Saleeby, 2003] . The Late Cretaceous timing implied by these results predates early Cenozoic (~61-50 Ma) ridge subduction along the northern Cordilleran margin [e.g., Bradley et al., 1993; Sisson and Pavlis, 1993; Haeussler et al., 2003] and is broadly consistent with the timing of shallow subduction documented during the Laramide orogeny in the American southwest [e.g., Yonkee and Weil, 2015] . However, if these rocks were emplaced by a similar mechanism of shallow subduction, the implication is that (1) a northern corridor of shallow subduction, separate from that beneath the southwestern US, may have also occurred in Late Cretaceous time; (2) large parts of the Coast Mountains are regionally underlain by accretionary wedge material and that shallow subduction may have had a much wider North American footprint; or (3) an alternative emplacement mechanism, such as relamination , is necessary.
Implications for Arc Magmatism
Results presented here suggest underthrusting of supracrustal rocks to >25 km depths, likely beneath the retroarc Skeena fold-thrust belt. The presence of abundant migmatites in Central Gneiss Complex rocks as well as elevated whole rock δ 18 O isotopic data from the Coast Mountains batholith proper [Wetmore and Ducea, 2011] indicate that these or similar rocks contributed to the budget of arc magmatism. As such, these results support models of retroarc underthrusting for contributing upper plate material to Cordilleran arcs, perhaps aiding the development of flare-up events [Ducea and Barton, 2007; DeCelles et al., 2009; Ducea et al., 2015b] .
Underthrusting of back arc or trench side sedimentary rocks and attachment to the lower crust of the upper plate of a subduction system has interesting consequences. Wet quartzofeldspathic sediments derived primarily from the volcanic arc are likely to undergo partial melting upon thermal relaxation in the lower crust on timescales on the order of~10 Ma after burial [e.g., Patiño Douce et al., 1990] . Such metasedimentary materials begin melting at about 620°C [e.g., Philpotts, 1990] , which is a temperature easily attainable in the middle and lower crust under orogenic areas [Ducea et al., 2015a] . Fundamentally, the replacement of an existing lower crust with one represented by metamorphosed first-cycle sediments can double the output of the magmatic arc. Melts produced in such scenarios have distinctive characteristics of S-type granitoids and if derived from the trench side will also have isotopic signatures indicative of interaction with seawater (elevated Sr and O isotopic ratios). In contrast to many ocean-continent orogenic systems [e.g., , country rocks of the Coast Mountains batholith are isotopically juvenile [Armstrong and Runkle, 1979; Cecil et al., 2011; Girardi et al., 2012] . This resulted in a similarly juvenile character of the Coast Mountains batholith [e.g., Girardi et al., 2012] . In such a setting, these results emphasize the importance of radiometric tools like U-Pb dating of zircons to constrain the age and character of country rocks of Cordilleran batholiths.
Conclusions
Our results document that upper crustal materials from the continental (retroarc) side of the subduction system were transported to the deep levels of thickened continental crust under the Coast Mountains batholith. These materials may have provided a melt-fertile crustal component that enhanced the magmatic output of the arc. In addition, the deepest exposed rocks in the Central Gneiss Complex may have been underplated from the trench side during latest Cretaceous time. Together, these findings underscore the significance of transport of metasedimentary materials into the lower crust of the upper plate in subduction settings. The data referenced in this paper are available in the text and supporting information. Additional information is available upon request to the corresponding author. This work was supported by NSF grant EAR-0309885 to M.D., G.G., and P. 
